Vibrational frequency and dipolar orientation of the protonated Schiff base in bacteriorhodopsin before and after photoisomerization.
Light-driven proton transport in bacteriorhodopsin (BR) is initiated by photoisomerization of the retinylidene chromophore, which perturbs the hydrogen bonding network in the Schiff base region of the active site. This study aimed to identify the frequency and dipolar orientation of the N-D stretching vibrations of the Schiff base before and after photoisomerization, by means of low-temperature polarized FTIR spectroscopy of [zeta-(15)N]lysine-labeled BR in D(2)O. (15)N-shifted modes were found at 2123 and 2173 cm(-1) for BR, and at 2468 and 2495 cm(-1) for the K intermediate. The corresponding N-H stretches are at approximately 2800 cm(-1) for BR and 3350-3310 cm(-1) for the K intermediate. The shift to a 350 cm(-1) higher frequency upon photoisomerization is consistent with loss of the hydrogen bond of the Schiff base. The N-D stretch frequencies of the Schiff base in BR and the K intermediate are close to the O-D stretch frequencies of strongly hydrogen bonded water and Thr89, respectively. The angles of the dipole moments of the N-D stretches to the membrane normal were determined to be 60-65 degrees for BR and approximately 90 degrees for the K intermediate. In the case of BR, the stretch orientation is expected to deviate from the N-D bond orientation due to vibrational mixing in the hydrogen bonding network. In contrast, the data for the K intermediate suggest that the N-D group is not hydrogen bonded and orients along the membrane.